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Uncontrolled blood pressure (BP) in patients with chronic kidney disease (CKD)
can lead to serious adverse outcomes. To prevent the occurrence of cardiovascu-
lar events (CVEs), and end-stage kidney disease, achieving an optimal BP level
is important. Recently, there has been a paradigm shift in the management of
BP largely as a result of the Systolic Blood Pressure Intervention Trial (SPRINT),
which showed a reduction in CVEs by lowering systolic BP to 120 mmHg. A lower
systolic blood pressure (SBP) target has been accepted by the Kidney Disease: Im-
proving Global Outcomes (KDIGO) 2021 guidelines. However, whether intensive
control of SBP targeting < 120 mmHg is also effective in patients with CKD is
controversial. Notably, this lower target SBP is associated with a higher risk of ad-
verse kidney outcomes. Unfortunately, there have been no randomized controlled
trials on this issue involving only patients with CKD, particularly those with ad-
vanced CKD. In this review, we discuss the optimal control of BP in patients with
CKD in terms of reduction in death and CVEs as well as attenuation of CKD pro-
gression based on the evidence-based literature.

Keywords: Chronic renal insufficiency; Renal insufficiency, chronic; Blood pres-
sure

INTRODUCTION

tality in patients with CKD.
Therefore, the question for consideration is, “What is

Chronic kidney disease (CKD) and hypertension are
closely connected and affect each other. Hypertensive
kidney disease is the second most common cause ofkid-
ney failure with replacement therapy (KFRT), and dete-
rioration of kidney function is accelerated by excessive
high blood pressure (BP) [1-4]. Uncontrolled hyperten-
sion can cause adverse cardiovascular and cerebrovascu-
lar outcomes such as acute coronary syndrome, hemor-
rhagic and ischemic stroke, heart failure, and even death
[5-10]. Therefore, in clinical practice, physicians typically
prioritize BP control to preserve kidney function and re-
duce the rate of cardiovascular events (CVEs) and mor-

Copyright © 2021 The Korean Association of Internal Medicine
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0/) which permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

the optimal target BP that will achieve these goals in pa-
tients with CKD?” Unfortunately, this issue has not yet
been resolved. In addition to reducing the rate of adverse
CVEs and mortality in patients with and without CKD,
other important goals of BP control are to prevent the
development of CKD for non-CKD patients and to at-
tenuate the deterioration of kidney function in patients
with CKD. Epidemiologic studies have shown that, in
patients without CKD, even a pre-hypertension level of
systolic blood pressure (SBP; 130 to 140 mmHg) is asso-
ciated with a higher risk of CKD development compared
with an SBP of < 120 mmHg [11-14]. In addition, a me-
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Table 1. Guideline comparisons of goal BP and first-line treatment for CKD patients with hypertension

BP target in CKD

BP target in CKD

Guideline patients without patients with Rec?mmended
proteinuria, mmHg proteinuria, mmHg first-line treatment

ISHIB [35] <130/< 80 <130/< 80 Diuretic or CCB

NICE [19] <140/< 90 <130/< 80 ACEior ARB

JNC8 [18] <140/< 90 <140/< 90 ACEior ARB

ACC/AHA [32] <130/<80 <130/<80 ACEi

ESC/ESH [34] SBP 130-139 SBP 130-139 ACEior ARB

ISH [33] <130/< 80 <130/< 80 ACEi or ARB

Hypertension Canada [22] SBP <120 SBP <120 ACEi or ARB

KDIGO [25] SBP <120 SBP <120 ACEi or ARB

BP, blood pressure; CKD, chronic kidney disease; ISHIB, International Society on Hypertension in Blacks; CCB, calcium
channel blocker; NICE, National Institute for Health and Clinical Excellence; ACEi, angiotensin-converting enzyme inhibitor;
ARB, angiotensin II receptor blocker; JNC8, Eighth Joint National Committee; ACC/AHA, American College of Cardiology/
American Heart Association; ESC/ESH, European Society of Cardiology and the European Society of Hypertension; SBP,

systolic blood pressure; ISH, International Society of Hypertension; KDIGO, Kidney Disease: Improving Global Outcomes.

ta-analysis of observational data showed a higher risk of
CVEs in individuals with an SBP of 120 to 129 mmHg
compared to those with an SBP of < 120 mmHg [15]. No-
tably, guidelines from various countries do not agree on
BP control in patients with CKD [16-22]. Over the last two
decades, < 140/9o mmHg has typically been the target BP
in patients without albuminuria and < 130/80 mmHg in
those with albuminuria [17,23]. This conventional con-
cept has been challenged by the results of the Systol-
ic Blood Pressure Intervention Trial (SPRINT) study,
which demonstrated the benefit of intensive control of
SBP < 120 mmHg compared with the conventional tar-
get of < 140 mmHg [24]. The SPRINT study results are
included in the Kidney Disease: Improving Global Out-
comes (KDIGO) 2021 guidelines, which suggest a target
SBP of < 120 mmHg in patients with CKD [25]. However,
not all studies favor this lower target, given the nega-
tive results of intensive BP control [26-28]. In fact, some
guidelines still recommend the conventional BP target
for patients with CKD [29-31]. BP targets in patients with
CKD are listed in Table 1 [18,19,22,25,32-35].

In this article, we discuss the following three goals of
optimal BP control in patients with CKD: (1) to prevent
CVEs and all-cause death, (2) to prevent the develop-
ment of incident CKD, and (3) to delay the progression
of CKD. Finally, we briefly describe conventional and
potential drug therapies for improving outcomes in pa-
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tients with CKD.

BP MEASUREMENT

The KDIGO 2021 BP guidelines recommend use of stan-
dardized rather than routine office BP measurement [25],
as suggested by the 2017 American College of Cardiolo-
gy/American Heart Association (ACC/AHA) guidelines
[32]. Standardized office BP measurement refers to BP
measurement following the recommended preparation
procedure. A summary of standardized office BP mea-
surement is provided in Table 2 [32]. In contrast, routine
office BP measurement is performed without consid-
ering the recommended BP measurement procedure.
Notably, BP readings using office BP measurement are
typically higher than those using standardized BP mea-
surement [36]. BP measurement procedures vary among
clinical trials, a critical point that should be considered
when interpreting study results. However, for the sake
of convenience, routine office BP measurement is com-
monly used in the real world. Given the possible risk of
overtreatment and hypotension events associated with
office BP measurement, use of standardized BP mea-
surement should be encouraged in clinical practice.
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Table 2. Summary of standardized office BP measurement

The Korean Journal of Internal Medicine Vol. 36, No. 4, July 2021

Preparing the patient

Caffeine, exercise, and smoking should be avoided for at least 30 minutes prior to measuring

BP. Make sure the patient emptied their bladder before BP measurement. The patient

should be seated in a chair with back support and feet placed on the floor, then relax for

more than 5 minutes. The patient or the observer should not talk during the resting and

measurement period. All clothing covering the cuff placing location should be removed.

Choosing the BP measurement Measure BP from both arms on the first visit, and choose the arm with the higher BP for the

for diagnosis and treatment of following measurements.
elevated BP

BP measuring technique

Use validated BP measuring device, which should be regularly calibrated. Patient should

have arm-support, with the cuff positioned on upper arm of patient. Use proper sized cuff,
with the bladder 80% of the arm circumference.

Documentation of BP
measurement

> 2 BP measurements with 1—2 minutes interval should be taken, and document the
average of these BP measurements. Record both SBP, DBP, and the time of most recent BP

medication intake prior to BP measurement.

BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure.

BP CONTROL FOR PREVENTION OF CARDIO-
VASCULAR DISEASE AND DEATH IN CKD

Given the lack of randomized controlled trials (RCT')
in patients with only CKD, this issue has been evaluated
by analyses of secondary outcomes. As mentioned above,
the SPRINT study demonstrated that intensive control
of SBP to < 120 mmHg resulted in better cardiovascu-
lar outcomes compared to control to < 140 mmHg [24].
This finding has been adopted by the ACC/AHA 2017
guidelines [16] and the KDIGO 2021 guidelines [25]. No-
tably, the SPRINT study excluded patients with diabetes
and a history of stroke. Most participants with CKD had
CKD Ggza; their mean estimated glomerular filtration
rate (eGFR) was 48 mL/min/1.73 m? Therefore, it is un-
clear whether intensive control using a lower BP target
is beneficial in other risk groups, such as patients with
diabetes or CKD G3b, G4, or Gs. In the Action to Control
Cardiovascular Risk in Diabetes (ACCORD) trial involv-
ing patients with type 2 diabetes, intensive control of
SBP < 120 mmHg did not reduce the rate of'a compos-
ite outcome of fatal and nonfatal major CVEs or death
as compared with a standard target (< 140 mmHg), al-
though intensive control decreased the rate of nonfatal
stroke events [26]. Nevertheless, 2,646 participants with
an eGFR of < 60 mL/min/1.73 m? in the SPRINT study
provided adequate statistical power to examine the ef-
fect of intensive BP control on cardiovascular outcomes
in patients with early CKD. In this separate analysis of

782  www.kjim.org

participants with CKD, the intensive SBP intervention
group had a 19% lower risk of composite cardiovascular
outcomes and a 28% lower risk of all-cause death com-
pared to the standard BP control group [37]. In addition,
in a meta-analysis of 123 trials including 613,815 partic-
ipants with BP lowering intervention, each 10 mmHg
reduction in SBP significantly decreased the risk of ma-
jor CVEs and all-cause mortality [38]. Notably, a greater
reduction in SBP resulted in a larger decrease in the rel-
ative risk of CVEs. That study also showed a significant
risk reduction with a decrease in SBP in patients with
CKD. However, a pooled analysis of four multicenter
RCTs including 4,983 CKD patients with control of SBP
to <130 mmHg did not improve all-cause mortality and
cardiovascular outcomes compared to standard control
of SBP to < 140 mmHg [39]. In that study, the average
BP achieved was 125.0 mmHg in the intensive group
and 136.9 mmHg in the standard group. After exclud-
ing patients with an eGFR of = 60 mL/min/1.73 m* and
intensive glucose control, the all-cause mortality rate
was reduced in the intensive BP control group. Finally,
in another meta-analysis of patients with CKD G3-Gs,
more intensive control (SBP 132 mmHg) resulted in a
14.0% lower risk of all-cause mortality compared with
less intensive control (SBP 140 mmHg) [40]. Therefore,
the evidence supports intensive BP control to reduce ad-
verse CVE and all-cause mortality rates, even in patients
with CKD. A summary of these RCT's is presented in Ta-
ble 3 [24,26,27,37,41,42]. In contrast to RCTS, analyses of

https://doi.org/10.3904/kjim.2021.181
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observational cohort studies have shown a U-shaped as-
sociation between SBP and the risk of death in patients
with CKD, suggesting a potential hazard for excessively
low BP [43-46]. A low BP itself may reflect an unhealthy
condition and underlying disease burden.

BP CONTROL FOR THE PREVENTION OF CKD

No RCT has examined the effect of intensive BP control
on the development of incident CKD. Studies on this
issue are mostly post hoc analyses of RCTs comparing
the effect of intensive versus standard BP control in pa-
tients with high cardiovascular risk. Among these, the
ACCORD trial showed that intensive control of SBP
< 120 mmHg increased the risk of incident CKD [26].
In line with this study, a similar SBP intervention in
the SPRINT study resulted in a higher frequency of ad-
verse kidney outcomes among patients without diabe-
tes [24]. Therefore, intensive BP control is not beneficial
for preserving kidney function. However, intensive BP
control is effective in reducing albuminuria. Despite the
increased risk of CKD, the ACCORD trial showed a sig-
nificant reduction in macroalbuminuria by intensive BP
control. In a similarly designed RCT involving patients
with type 2 diabetes, active BP control significantly re-
duced the risk of microalbuminuria and macroalbu-
minuria [47,48]. A reduction in albuminuria by intensive
BP control was also found in a meta-analysis of 19 RCT's
including both diabetic and non-diabetic patients [49].
For the prevention of CKD, these studies indicate that
intensive BP control carries both a risk and a benefit:
a decline in eGFR and reduction in albuminuria. To
mitigate concerns on the increase in the risk of adverse
kidney outcomes by intensive BP control, the SPRINT
and ACCORD investigators showed that various kid-
ney injury markers were not elevated in the intensive
BP control group, suggesting that the increased serum
creatinine level was associated with hemodynamic alter-
ations [50,51]. Despite the debate on its validity as a sur-
rogate marker of renal function, albuminuria is widely
accepted as an appropriate target or surrogate marker
for kidney disease progression [52]. The United States
Food and Drug Administration recently agreed to use
early change in albuminuria as a surrogate marker for
kidney disease progression in phase 3 trials dealing with

784  www.kjim.org
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diseases involving moderate to severe albuminuria, and
intervention trials in which decreasing albuminuria is
presumed to be the primary mechanism of action [s3].
The key findings of major RCT's are shown in Table 4.

In contrast to previous RCTs involving patients
with an increased risk of CVD and a baseline SBP of
= 130 mmHg, observational studies provide compre-
hensive information on individuals at low risk of CKD
and few comorbidities, even those without pre-existing
hypertension. Interestingly, there was a graded relation
ship between SBP and the risk of incident CKD, and the
risk was lower for an SBP of < 120 mmHg [11-13,54,55]-
We observed similar findings in two large representa-
tive Korean adult cohorts using meticulous analytical
approaches [56,57]. These findings raised the question of
whether reducing SBP to < 120 mmHg in individuals
with hypertension and at high risk of CVD is equiva-
lent to an intrinsically normal BP in healthy adults. In
summary, intensive BP control for the prevention of in-
cident CKD has not yet been justified. If kidney injury
associated with intensive BP control is minimal and re-
versible, a lower BP target can be implemented in clini-
cal practice with a permissive decline in eGFR given the
proven benefit on prevention of adverse CVEs.

BP CONTROL FOR DELAYING THE PROGRES-
SION OF CKD

CKD progression is generally faster in patients with
than in those without diabetes. In non-diabetic patients
with CKD, three clinical trials have evaluated the effect
of intensive BP control on CKD progression: the Mod-
ification of Diet in Renal Disease (MDRD) study; the
AASK trial; and the Blood Pressure Control for Reno-
protection in Patients with Non-diabetic Chronic Renal
Disease (REIN-2) trial [28,58,59]. The African-American
Study of Kidney Disease and Hypertension (AASK) and
REIN-2 trials excluded patients with diabetes. Only
5% of participants in the MDRD study were patients
with diabetes. The target BPs in the intensive con-
trol arm were < 125/75 mmHg (mean arterial pressure
< 92 mmHg) for the MDRD study and < 130/80 mmHg
for the AASK and the REIN-2 trials. The MDRD study,
published in 1994, showed that the beneficial effect of a
lower BP target was particularly evident in patients with

https://doi.org/10.3904/kjim.2021.181


www.kjim.org

KJIM™

I3 10 ‘StsATeIp ULIa)
-8uor ¢ wr ¢4 T/uTr/ T

09 > 0} Y152 UOHONPaI aID 2uraseq
N 905 2 ayisodwro) it syuedonired (z9tr) obT > ggs (¢€eT) ot > ggSs €89V gLo‘y [Pe] ILNTYdS
(98/1¥1) (8£/0tT)
J%Le! YIBaP I0 ‘T “IDSXT 231soduro) o6/obt > gga/ads og/ott > 39a/dds 1% oS [8S]3ISVVY
N LU ELT/uTi/Tur of > Y52 PaseaIddq
MN pUOTIEA[D QUTUTIEIID TUNIAG (S€er) obT > ggs (e61T) 0T > 39S 1Le'e T9¢'c [97] @goDDV
et BLINUIUWING[EOIITIA
[JE9p 9SNED-[RUI
J%8TT  IMAY ‘IDSXT ‘BrImuIngreoIdeur arsoduron
BLINUTWIN[EOIITUI IO ‘YJEIP ISNEI-[EUDI
%! ‘LAY ‘IDSXT ‘errnururnqreordeur ajrsoduron ©Ov=ShT ags SE=SvT ags 1L5G 695G [LY] IDNVAQY
oL'0 pue ‘990
‘26°0 ‘550 B (Sot = uw) Sgurur oLt < pue (€8¢ = u) 0LT-6ST
ol1 < dgs 'sA ¥y I 10 IDSXT 9jrsoduron) ‘(b = u) gST-Sb1 (T6€ = ) SbT1 > oJuT ggS Paz1r0323ed STSATRUER 201 1504 [L9] 204 3504 TN T
(eg/ver) (og/ot)
AN ARED 06/Str>gdaldds ~ 0g/ofr>dda/dds 89t Lot [82] T-NI1HY
(€6v—0%7) 15°€ pue
(WS e-ere)vle
{06'1-gT'T) Y"1
(ot 1-£g'0) go'T
SHww oft (¢St =u) SHuw ogT = pue {(€LE = u) 6L1-09T (019 = U) 65T—0P T [99]
> dgs 'sa (1D %56) ¥H Ieap I0 ‘YA ‘IDSXe aysodwro) {60z =u) 6ET-0¢T (69T = U) o1 > 0uT JgS pazrIodared stskreue 2oy 4sog 201 4504 TYNATT
BLINUTWNJ[E }I2A0
i 0} BLINUTWIN]TEOIITA
BLINUIUING[BOIDTUL
1 0} BLINUTWIN][EOULION BLINUIWNY
(rg/Len) (SL/geeT)
AN DD o6fobr>dgaldas  og/otr>dda/dds the Lee [So] apay
4N YIEIP 10 LUAN  (1g/b€t b-g6) obt>ggs  (LL[9et ‘€-€6) SL/Set >
22021 SUI[9P YD ‘Lot>dgyN  dda/dds ‘¢6>dVIN gob (234 [65] ayaw
pIepuels QATOY pIepuels QATOY
s3urpury £o3] SOUIODINO UTEIA] [BILL,
SHwur (pasaryoe) 1931e) g9 IaqunN

Lee JY and Han SH. BP control in CKD

9uI021N0 A3UPD] ISIPAPE I0] UOTIUIAIINUT g YIIM S[ELI] [ed1ur]d Jofeur oy} Jo Arewrwng ¥ a[qey,

785

www.kjim.org

https://doi.org/10.3904/kjim.2021.181


www.kjim.org

KJ I MQ\ The Korean Journal of Internal Medicine Vol. 36, No. 4, July 2021

daily urinary protein excretion > 1.0 g [59]. Long-term
follow-up of the MDRD study with observation extend-
ed to 10 years also showed that CKD outcomes and the
all-cause mortality rate were decreased by intensive BP
control [60]. However, the AASK and REIN-2 trials failed
to delay the progression of CKD or the development of

Key findings

NR

KFRT in patients with intensive BP control. Notably, in
the AASK trial, a subgroup of patients with CKD and a
protein-to-creatinine ratio of = 0.22 g/g in the intensive
BP control group had a significant reduction in the risk
of KERT or death. These findings suggest that intensive
BP control is more effective in non-diabetic patients
with CKD and significant proteinuria. A systemic review

=30% eGFR reduction to
<60 mL/min/1.73 m*

and meta-analysis supports the ability of intensive con-
trol of BP < 130/80 mmHg to attenuate CKD progression

Main outcomes

in non-diabetic patients with CKD and significant pro-
teinuria [61,62].

The clinical benefits of intensive BP control are unclear
in patients with type 2 diabetes. The BP goals in most

without baseline

CKD

Participants
BP, blood pressure; MDRD, Modification of Diet in Renal Disease; MAP, mean arterial pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; GFR,

early studies were > 140 mmHg, which was considered
suboptimal [41,42,63,64]. The Appropriate Blood Control
in Diabetes (ABCD) study evaluated the effect of a lower
BP target of < 130/80 mmHg on the preservation of kid-
ney function in patients with type 2 diabetes compared

Standard

with a standard control of < 140/90 mmHg but failed to
demonstrate a benefit of intensive BP control [65]. How-
ever, two post hoc analyses of the Reduction of Endpoints
in Non-Insulin-Dependent Diabetes Mellitus with the
Angiotensin II Antagonist Losartan (RENAAL) and the
Irbesartan Diabetic Nephropathy Trial (IDNT) showed
that a lower BP level was associated with improved kid-

BP target (achieved), mmHg

Active

ney outcomes [66,67]. In contrast to the less-intensive
BP targets in the studies above, the intervention in the
ACCORD trial lowered SBP to < 120 mmHg [26]. How-
ever, as discussed above, a lower target BP increased the
frequency of adverse kidney events such as an elevated

Standard

serum creatinine level or a decline in eGFR of < 30 mL/
min/1.73 m? It should be noted that the ACCORD study
excluded patients with a serum creatinine level of > 1.5

Number

Active

mg/dL; therefore, the participants were unlikely to be
representative of patients with CKD and diabetes. We
have summarized the results of major RCT' on this top-
ic in Table 4 [24,26,28,47,58,59,65-67].

Risk in Diabetes; eGFR, estimated glomerular filtration rate; AASK, African-American Study of Kidney Disease and Hypertension; SPRINT, Systolic Blood Pressure

Intervention Trial; CKD, chronic kidney disease; KT, kidney transplantation.

*In subgroup patients with GFR 22—55 mL/min/1.73 m>.

creatinine clearance; REENAL, Reduction of Endpoints in NIDDM with the Angiotensin IT Antagonist Losartan; 2XSCr, doubling of serum creatinine; HR, hazard
Change in SBP from baseline to follow-up; There was no pre-specified BP target in ADVANCE trial.

ratio; REIN-2, Blood Pressure Control for Renoprotection in Patients with Non-diabetic Chronic Renal Disease; IDNT, Irbesartan Diabetic Nephropathy Trial; RR,
relative risk; ADVANCE, Action in Diabetes and Vascular disease: preterAx and diamicroN-MR Controlled Evaluation; ACCORD, Action to Control Cardiovascular

glomerular filtration rate; KFRT, kidney failure with replacement therapy; NR, no reduction in relative risk; ABCD, Appropriate Blood Control in Diabetes; CCI,

“In patients with baseline urinary protein-to-creatinine ratio > 0.22.

4Men > 1.5 mg/dL, women > 1.3 mg/dL.

Table 4. Continued
“Relative reduction: p value 0.055.

Trial
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DRUG TREATMENT

Besides achieving the optimal BP, choosing medica-
tions with renoprotective effects is important. A detailed
description of this issue is beyond the scope of this re-
view. Here, we briefly describe conventional drugs and
introduce several with potential for prevention of CKD
progression.

Renin-angiotensin system blockers (RASBs), such as
angiotensin-converting enzyme inhibitors (ACEi) and
angiotensin receptor blockers (ARB), are a cornerstone
therapy in patients with CKD. In a groundbreaking
study by Lewis et al. [68], captopril was first used to pro-
tect against a decline in kidney function in patients with
insulin-dependent type 1 diabetes and CKD studies with
RASBs have consistently demonstrated the renoprotec-
tive effects of these drugs, including a reduction in pro-
teinuria and attenuation of eGFR decline. These bene-
ficial effects were evident in patients with and without
diabetes. In the AASK trial, patients randomly assigned
to ramipril showed a slower decline in eGFR compared
to those on other treatments [69]. In patients with type 2
diabetes and CKD, the RENAAL and IDNT studies con-
firmed the superior protective effects of ARBs against
the progression of CKD [70,71]. RASBs have been tested
in patients with early CKD, even those without microal-
buminuria. In the Bergamo Nephrologic Diabetes Com-
plications Trial (BENEDICT), ACEi prevented the onset
of microalbuminuria in patients with type 2 diabetes
and normal urinary albumin excretion [72]. All guide-
lines recommend the use of RASBs as first-line therapy
based on high-quality evidence [18,19,22,25,32-34].

RASBs cannot stop the progression of CKD and no
other drugs are used widely in clinical practice. Recent-
ly, many studies with new anti-diabetic drugs, such as
sodium-glucose co-transporter 2 inhibitors (SGLT2i)
and glucagon-like peptide-1 receptor agonists (GLP1RA),
have consecutively demonstrated outstanding renopro-
tective effects [73,74). The American Diabetes Association
(ADA), the European Association for the Study of Diabe-
tes (EASD), and the KDIGO accepted the results of these
studies and recommend SGLT2i and GLP1RA as first-
line therapies for patients with diabetic kidney disease
[75,76]. Interestingly, these drugs have also been reported
to reduce adverse CVEs and death [77-79]. Moreover, in
the Dapagliflozin and Prevention of Adverse Outcomes

https://doi.org/10.3904/kjim.2021.181
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in Chronic Kidney Disease (DAPA-CKD) trial, dapagli-
flozin reduced the risk of the composite outcome of kid-
ney failure or death from renal or cardiovascular causes
even in non-diabetic patients with CKD [8o]. In addi-
tion, these drugs can reduce BP by 5 mmHg [79,81,82].

Atrasentan is a highly selective endothelin receptor A
receptor (ET,R) antagonist, the short-term use of which
reportedly reduces albuminuria in patients with diabet-
ic nephropathy [83]. The Study of Diabetic Nephropathy
with Atrasentan (SONAR) tested the long-term effect
of atrasentan in 2,648 patients with type 2 diabetes and
overt albuminuria [84]. Atrasentan resulted in a signif-
icant reduction in the composite adverse kidney out-
come of doubling serum creatinine or KFRT. A recent
phase 2 study of sparsentan, a dual ET,R antagonist
and ARB, also showed a significant reduction in pro-
teinuria in patients with primary focal segmental glo-
merulosclerosis [85]. ET,R antagonists are reported to
decrease BP [85,86]. The effects of ET R antagonists are
under investigation in other primary glomerular diseas-
es (NCT03762850, NCT'03493685, NCT'04573478).

Finally, mineralocorticoid receptor antagonists (MRAs)
have renoprotective and cardioprotective eftects [87-89].
It also reduces BP in individuals with resistant hyperten-
sion [90,91]. Spironolactone, a first-generation nonselec-
tive MRA, was initially reported to provide renoprotec-
tive effects by reducing proteinuria and preserving eGFR
in non-diabetic patients with CKD [87]. Recently, finere-
none, a new-generation selective MRA, has emerged as a
potential therapy. In the Finerenone in Reducing Kidney
Failure and Disease Progression in Diabetic Kidney Dis-
ease (FIDELIO-DKD) study, finerenone reduced the risk
of CKD progression and the development of CVEs in pa-
tients with CKD and type 2 diabetes [92]. These drugs are
promising and expected to improve kidney survival and
major clinical outcomes in combination with RASBs.
Table 5 lists clinical trials of drug treatments [68,70-

72,74,77,78,80,84,85,87,92,93).

CONCLUSIONS

In patients with CKD, the scope of ‘optimal BP control’
should encompass improved cardiovascular outcomes,
reduced mortality, and delayed CKD progression. How-
ever, despite much research, the optimal BP reduction
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Table 6. Key BP control recommendations and suggestions by the KDIGO 2021 guideline

BP management in patients with non-dialysis CKD, with, or without diabetes.

Recommendation 1

We recommend adults with high BP and CKD be treated with a target SBP <120 mmHg, when

tolerated, using standardized office BP measurement (2B).

Recommendation 2

We recommend starting RASi (ACEi or ARB) for people with high BP, CKD, and severely

increased albuminuria (Gi—Gg4, A3) without diabetes (1B).

Recommendation 3

We recommend starting RASi (ACEi or ARB) for people with high BP, CKD, and moderately

increased albuminuria (G1-Gg4, A2) without diabetes (2C).

Recommendation 4

We recommend starting RASi (ACEi or ARB) for people with high BP, CKD, and moderately-to-

severely increased albuminuria (Gi—Gg4, A2, and A3) with diabetes (1B).

Recommendation 5

We recommend avoiding any combination of ACEi, ARB, and direct renin inhibitor (DRI)

therapy in patients with CKD, with or without diabetes (1B).

1B, strong recommendation based on moderate quality evidence; 2C, weak recommendation based on low quality evidence; A1,
ACR <30 mg/g (< 3 mg/mmol); A2, ACR 30300 mg/g (3-30 mg/mmol); A3, ACR > 300 mg/g (> 30 mg/mmol).

BP, blood pressure; KDIGO, Kidney Disease: Improving Global Outcomes; CKD, chronic kidney disease; SBP, systolic blood
pressure; RASI, renin-angiotensin system inhibitor; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II

receptor blocker.

to achieve these goals has not been determined. Table
6 presents a summary of BP control based on the KDI-
GO 2021 guidelines. These recommendations and sug-
gestions are helpful in clinical practice, and the guide-
lines support intensive BP control targeting an SBP of
<120 mmHg because the cardiovascular benefits of SBP
intervention outweigh the risk of kidney injury associat-
ed with the lower BP target. However, many uncertain-
ties remain to be resolved in future trials. We anticipate
that a greater number of well-designed RCT's will assess
the effects of intensive BP control by various interven-
tions in diverse groups of patients with CKD with and
without diabetes, a high cardiovascular risk, or protein-
uria, and with early versus late CKD.
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